In this paper we study the performance of a lowresolution spectrograph in crowded regions of the sky, where stellar spectra in the focal plane overlap, and compare it with the results for a medium-band photometric system.
INTRODUCTION
A spectrograph with resolution between 20 and 100 Â/pix has been proposed as an alternative to medium-band photometry. Two critical issues arise immediately: (1) the signal to noise ratio and (2) overlapping of stellar spectra in the focal plane, both as a function of the apparent magnitude of stars.
The first issue has been analyzed by Favata (1998) who provided values of the S/N ratio for a typical K-type star as a function of the apparent V magnitude and spectral resolution. For better understanding, we present here Table 1 from Favata (1998) . The first row indicates the adopted spectral resolution and the second row indicates the corresponding length for a spectrum spanning the wavelength range 5500 A to 7500 Â. These estimates have been made Table 1 . Signal to noise ratio as a function of V magnitude and resolution (Favata 1998 assuming the PSF of the spectrograph to be Gaussian with FWHM of 0.5 pixels. This implies that about 98 % of the flux is collected by a single pixel (if the star is centered).
As far as the second issue is concerned, we need to evaluate the frequency of geometric overlappings of stellar objects with relative flux above a given threshold.
The geometry of the problem is set by the width and length of the spectrum in the focal plane and by the scale of the spectrograph. The length of spectrum is taken from Table 1. The estimated spectrum width is 2 pixels, adopting the Gaussian PSF with FWHM of 0.5 pixel.
As the scale of the spectrograph we will take here a typical value of 0.5 as/pix (see Favata 1998 for more details). 
THE NUMERICAL ALGORITHM
Each star draws on the focal plane a rectangle whose minor side is 2 pixel wide and parallel to the scanning direction. The major side is 20, 40 or 80 pixel wide, respectively, depending on spectral resolution; it is perpendicular to the scanning direction.
In case of geometric overlapping of two stars of different magnitudes, we consider three values of disturbance caused by the fainter object on the brighter one: larger than 10 %, 5 % or 1 % of the visual flux of the brighter object. The magnitude Vo of a star is considered as lost, if the disturbing object is brighter than the threshold magnitudes Vq+2.5, Vo+3.5 and Vo+5. Favata (1998) for the corresponding spectral resolution.
With the help of the Padova Software Telescope (Ng et al. 1996 (Ng et al. , 1997 it is possible to simulate the color-magnitude diagram (CMD) of a stellar field observed in any direction of the sky. The simulations are based on a model of the Galaxy, which, in its turn, is calibrated on stellar fields observed in different directions (see Ng et al. 1996 Ng et al. , 1997 for details). Here we present the simulations toward two particular directions which have also been used to calibrate the new version of the galactic model by Vallenari et al. (1999a,b) . The galactic coordinates of these two directions are listed in Table 2 .
The two fields have a sky coverage of 9' x 9'. In the focal plane this corresponds to the scale of 0.5 as/pix for a CCD chip with 1080x1080 pixels. The original frame toward Baade's Window contains a large number of stars, whereas another one is much less populated. In order to deal with statistically significant number of stars, the original sky coverage of this field has to be scaled up by a factor of 8 as indicated in Table 2 .
Synthetic CMDs are generated down to V = 24 mag by randomly distributing stars within the solid angle with aperture indicated in Table 2 .
In case of Baade's Window (£ = +1 deg, b = -3.66 deg), the number of stars down to the above magnitude is 5112 per square arcmin (see Fig. 1 ). In case of the field toward the direction £ = 305 deg, b --4.88 deg, the number of stars down to V = 24 mag is about 108 per square arcmin.
Once the distribution of the stars in the focal plane is obtained, the simplest way of proceeding is to compare each object with all other stars. However, when simulating the possible overlapping of large number of objects in a very crowded field (typically a few 10 5 down to V -22 mag toward Baade's Window), the geometry of the scanning mode makes possible a great simplification in the numerical algorithm.
Owing to orientation of the spectra, it is sufficient to sort star images in the focal plane along the coordinate parallel to the scanning direction. In this case objects are ordered by rows and only superpositions in two consecutive rows need to be checked, rendering the numerical procedure much less time-consuming.
Each object is then checked against geometric overlapping by means of the flux criteria already described.
CROWDING IN THE FOCAL PLANE OF THE SPECTROGRAPH
We present here the tests performed in the two directions listed in Table 2 . The same procedure can obviously be extended to any other direction. We considered two stellar fields, one located inside Baade's Window (£ -1 deg, b = -3.66 deg) and the other one located also near the galactic plane but about sixty degrees apart (£ = 305 deg, b = -4.88 deg). Details on the CMD simulations, including normalization, reddening, etc. can be found in Vallenari et al. (1999a,b) . corresponding to the three differences AV and the scale of 0.5 as/pix. These thresholds correspond to disturbance larger than 10%, 4% and 1 % of the visual flux of the undisturbed star, respectively. The histograms display the fraction of undisturbed objects as a function of the apparent V magnitude. In each panel, three different spectral resolutions are considered as indicated. The curves show the signal to noise ratio derived by Favata (1998) for the corresponding spectral resolution. All the data are also reported in Table 3 , where the 1st column indicates the center of the magnitude bin, the 3rd column indicates the number of stars used in the simulation and the other nine columns provide the fraction of undisturbed stars for different spectral resolution and disturbance thresholds. 
DISCUSSION
It is now meaningful to compare the results of the present tests with those obtained by Munari L· Moro (1998) using the mediumband photometric system (each band is on the average 180 Â wide). They reported the limiting magnitude of V = 17.
From the entries of Table 3 we see that, in the case of Baade's Window, at V = 16 mag the fraction of undisturbed stars is 49 %, 19% and 3% for the spectral resolution of 100, 50 and 25 Â/pix, respectively. The angular scale is 0.5 as/pix. At V = 17 mag these fractions lower to 17%, 4% and 0.7%, respectively.
Baade's Window is expected to be one of the most crowded areas in the sky thus providing the most stringent constraints on the capability of the low resolution spectrograph. Inspection of Table 4 reveals that in the direction of a less crowded region, such as i = 305 deg, b = -4.88 deg, the above fractions at V = 16 mag are 87%, 76% and 55%. At V = 17 mag the fractions are 79%, 64% and 42%.
The above estimates refer to disturbances larger than 10 % of the visual flux. At the 4 % level (AV = 3.5 mag) the undisturbed fractions at 100 Á/pix give the following values: 19 % (Baade's Window) and 78 % (the field at t = 305 deg, b = -4.88 deg) at V = 16 mag, Once more let us note the effect of the steep increase in the number density at V = 19-20 mag toward the galactic center, which makes crowding effects more severe when a large magnitude interval is considered: objects down to V = 20.5 mag can now disturb stars of V = 17 mag. At this magnitude the signal to noise is about 6 for the case of 25 Â/p IX.
Any other direction and/or combination of parameters can be easily examined in the same way.
A point to be noted is that spinning and precession of the satellite imply that a field is monitored about 5 times in 15 hours, each time rotated by a small angle (about 30 arcmin). The sequence is repeated 8 times within 45 day intervals with rotation angles of about 20-30 deg. Rotation of the field of view implies that objects that overlap in one scanning may not do so in another scanning. This will surely increase the fraction of recovered stars. A detailed analysis is however required to clarify the point (work is in progress).
Overlapping on the focal plane of the spectrograph can also be checked from the astrometric data, and furthermore the intrinsic variability of stars can be derived from the analysis of the Gaia magnitude and/or broad-band photometry.
The above tests must be performed for many directions, ideally all the sky should be mapped in this way in order to draw firm conclusions.
However, we can draw the preliminary conclusion that while the low resolution spectrograph may really compete with the proposed medium-band system in less crowded areas (such as the field at ί -305 deg, b = -4.88 deg), its expected performance is not really satisfactory in the case of crowded fields such as Baade's Window.
At lower angular scale, larger resolution and/or more stringent accuracy, the fraction of undisturbed stars gets unpleasantly low even in weakly crowded fields.
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